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The latest CDF and D0 experiment measurements of the top quark
properties except the top quark mass are presented. The final combination
of the CDF and D0 forward-backward asymmetry measurements is shown
together with the D0 measurements of the inclusive top quark pair cross-
section as well as the top quark polarization.
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1 Introduction
The top quark was discovered at the Tevatron (proton–antiproton collider) by the
CDF and D0 collaborations in 1995 [1, 2]. Ever since then the top quark properties
have been studied in these experiments. Most of the data were collected in Run
2 during the years 2001–2011 at a centre-of-mass energy of
√
s = 1.96 TeV and
correspond to the integrated luminosity of about 10 fb−1 per experiment. Within the
Standard Model (SM), more than 99% of top quarks decay into a W boson and b quark
(t→ Wb), so the final states are determined by the W boson decays: leptonic decays
W → `ν with the lepton being an electron, muon or tau, or hadronic decays W → qq
with the quarks giving rise to two collimated jets of hadrons in the detector. The
number of the expected top quark pair (tt) events passing the typical tt event selection
and corresponding to the total integrated luminosity is about 400 for the dilepton
channel (tt→ `νb `νb), 2000–4000 for lepton+jets channel (tt→ `νb qqb) depending
on the exact criteria, and about 4000 for all-hadronic channel (tt→ qqb qqb).
Many top quark properties measurements have been performed with a various
precision at the Tevatron. These include the measurements testing the production
mechanism of top quark (e.g. inclusive tt cross-section, tt forward-backward asym-
metry, tt spin correlations), the measurements of the intrinsic properties of the top
quark (e.g. mass, polarization, width, charge), as well as the measurements of the top
quark properties related to its decay or the decays of its products (e.g. |Vtb|, W boson
helicity). The single top quark production was also observed at the Tevatron. In the
following, only the latest CDF and D0 top quark properties measurements (except
the mass, which was covered in the other presentation at the conference) performed
within about the last year using the full Tevatron data statistics are presented.
2 Tevatron forward-backward asymmetry
The CDF and D0 experiments performed the combination of their measurements
of the tt forward-backward asymmetry from both dilepton and lepton+jets chan-
nels [3]. The forward-backward asymmetry in a given observable X is defined as
A(X) = [N(X > 0)−N(X < 0)]/[N(X > 0) +N(X < 0)], where N(X > 0) corre-
sponds to number of events with X > 0. The asymmetry is defined for three dif-
ferent observables: AttFB = A(X = ∆ytt = ytop − yantitop), A`FB = A(X = qlηl) and
A``FB = A(X = ∆η = ηl+ − ηl−). The combined values for inclusive AttFB, A`FB, and
A``FB are summarized together with the individual input measurements in Fig. 1a.
The differential measurements of AttFB as a function of the invariant mass of tt as well
as |∆ytt| are also combined, see Fig. 1b and Fig. 1c. The differential A`FB and A``FB
measurements are just summarized and not combined in Fig. 2. All results agree with
the predictions within 1.3–1.6 standard deviations [3, and references therein].
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Figure 1: The summary of CDF and D0 inclusive asymmetry measurements is shown
in a). The differential measurements of AttFB are shown as a function of the invariant
mass of tt pair in b) and |∆ytt| in c) [3].
3 D0 tt cross-section measurement
The D0 experiment measured recently the inclusive tt cross-section using the dilep-
ton and lepton+jets channels [4]. The multivariate (MVA) techniques have been
used in both channels to separate the signal from the background. The Fig. 3 shows
the examples of MVA output distributions. The combined result σtt = 7.26 ±
0.13(stat.)+0.57−0.50(syst.) pb (δσ/σ =
+8.1
−7.1 %) is compatible with the fully resummed
result at next-to-next-to leading order in perturbative quantum chromodynamics
σtt = 7.35
+0.23
−0.27(scale + pdf) pb [5]. The dominant sources of systematic uncertainties
arrive from the luminosity uncertainty, the b-jet modeling and identification uncer-
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Figure 2: The differential A`FB measurements as a function of |qlηl| (left) and the
differential measurements of A``FB as a function of |∆η| (right) [3].
tainty, and also from the signal hadronization modelling uncertainty.
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Figure 3: The MVA output distributions for channels with electron and two (left) or
four jets (right) in the final state [4].
4 D0 top quark polarization measurement
The D0 experiment performed recently also the measurement of top quark polariza-
tion P in lepton+jets channel [6]. Within SM, the top quark is produced almost
unpolarized in tt pair production and this prediction can be tested by measuring
the angular distributions of the decay products. In this analysis, the angle θ be-
tween the lepton and three different quantization axes is measured. The examples of
3
Axis Measured polarization SM prediction
Beam +0.070± 0.055 −0.002
Beam–D0 combination +0.081± 0.048 −0.002
Helicity −0.102± 0.061 −0.004
Transverse +0.040± 0.035 +0.011
Table 1: The top quark polarization measurements for various quantization axes
together with the SM predictions [6].
reconstructed cos θ distributions for two quantization axes are shown in Fig. 4.
Figure 4: The cos θ distributions for data, expected backgrounds, and signal templates
for P = −1, SM, and P = +1 for lepton + 4 jets events. The distributions relative
to the beam (left) and transverse (right) axis are shown [6].
The final estimate of top polarization is performed by a template fit of cos θ
distribution from data to the combination of signal templates with the top quark
polarizations P = ±1 and the background templates. The measurement along the
beam axis has been combined with previous measurement in the dilepton channel [7].
The results together with the SM predictions are summarized in Tab. 1. All the
results are consistent with the predictions within 1–2 standard deviations. The results
in beam and helicity axis, which are highly correlated, are summarized together also
in the Fig. 5 where the predictions for various beyond SM models are also shown.
5 Summary
The CDF and D0 experiments are finalizing more than 20 years of top quark studies
using Tevatron data. The final combination of forward-backward asymmetry mea-
surements have been already performed while some other combinations, such as CDF
and Tevatron tt cross-section, and CDF and Tevatron top quark mass combinations,
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Figure 5: Two-dimensional visualization of the top quark polarizations measured
along the beam and helicity axes compared with the SM and various beyond SM
models [6].
are still to be performed. The precision in most of the top quark measurements at
the LHC have already surpassed that of Tevatron measurements, but some of them
are still competitive, e.g. top quark mass measurements. However, since LHC is
proton–proton collider, a few of the Tevatron measurements, such as that of inclusive
tt cross-section and tt forward-backward asymmetry are unique and represent the
legacy measurements.
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